A new cluster development for the logarithm of the grand partition function of a system of interacting particles is derived. The leading term in this expansion is the pressure exerted by an ideal Bose or Fermi gas at the same temperature and absolute activity Z as the actual system. Succeeding terms involve quantum cluster integrals which themselves depend upon Z, unlike their classical analogs. The definition of these cluster integrals follows in a natural fashion using techniques illustrated by construction (in closed form) of the successive Z derivatives of the Bose and Fermi ideal gas grand partition functions. It is not possible (except in the classical limit) to eHminate Z explicitly between the pressure and density series, so that the equation of state must remain in parametric form.
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I. INTRODUCTION gCENTLV there has been considerable interest in the quantum-mechanical behavior of largẽ~~~~~~s ystems of interacting particles. For the most part, the approach of these many-body theories has limited the analysis to properties of the ground state or lowlying excited states. '~O f equal intrinsic interest for equilibrium statistical mechanics are details of the system's properties during the entire passage from the high-temperature classical realm to absolute zero, requiring knowledge of the complete energy spectrum.
It is the purpose of the present note to clarify this transition from the standpoint of the cluster theory of the equation of state in a form which need make no special appeal to the usual quantum mechanical perturbation theory; our formalism is valid for arbitrarily strong interactions. In this respect primarily, the present quantum cluster development di6'ers from * This work is based upon part of a dissertation presented to the faculty of the Graduate School of Yale University for the degree of Doctor of Philosophy. 44, 31 (1933) . "J.G. Kirkwood, Phys. Rev. 45, 116 (1934 
III. THE IDEAL GAS
Before investigating the general interacting system in quantum statistics, we examine the degenerate ideal gas, for which the particle pair potential p(r) vanishes. 
where the summation over {&s;) is subject to the restriction PN;=n
We now pass to the grand ensemble by multiplying both sides of (19) 
i 2m'
Clearly it is much simpler to find high order derivatives of G&'& (Z) from (21) rather than by tedious differentiation of (22).
IV. QUANTUM MECHANICAL CLUSTER INTEGRALS
For the more realistic case in which the particles of our quantum mechanical system interact via nonvanishing potentials v(r), the fundamental quantity gfI~~~gg which may be verified by substitution in (23). The first members of this sequence are readily seen to be Xd'p;d'r;, L" (r,P) = +"(r,P)c"'(r,p)/P'"'(I) "~"'(s) j.
The quantity L(') represents the coupling between the momenta and positions of an s-particle set induced both by forces and by exchange effects.
The techniques used to construct G&'&(Z) and its derivatives previously are likewise applicable to this interacting case. When (26) is multiplied on both sides by Z~, and summed over E, each term on the right gives rise to a factor G&" (Z), so that finally 
The angular brackets, ( ), denote in (32) the symmetrical function obtained by averaging over all ways of interchanging arguments between the functions contained in the brackets; for example:
The properties of the semi-invariant relations (28) and (29) (28) and (29) of the momentum coordinates, so that one is left with just
b. In a later paper we shall examine at some length the utilization of cluster diagrams in the quantum mechanical case. In particular, it is possible to employ the classical identity (37) to re-establish, in a unique fashion, the previously obtained expressions for our quantum mechanical functions 4, L, and l.
V. THE CLUSTER EQUATION OF STATE
The activity series (34) may be rewritten (j=2, 3,~~) e~E -P Z e(rs)j It will be recalled that the curly brackets in (37) collect successively distinct products of f functions involving the position coordinates of two, three, -~d ifferent particles. Examining both (36) and (37) for each E)1 in turn, one finds that L, &&')(ir i, ) must. 
Although it is true that in the classical realm our Ps(Z) (the "irreducible" cluster integrals) are proportional to the virial coeS.cients for the nonideal system, they are, on the other haad, very complicated functions of the mean density p when quantum degeneracy appears. 
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The sum occurring in (38) may be rewritten as an integral, making use of (42) As ( (46) s=i k+1.
where reference has been made to the deinition of r, (42 That part of the integrand of (49) -(P'-P) (50) it may be assumed that the pair potentials v(r) are bounded, though possibly very large in magnitude. At suKciently high temperatures, then, Ii~" is asymptotic to the classical ideal gas form r~r '= r -2tsL(P -P')/2m)&k.
(51)
The exponential gradient operator on the right side of (50) 
